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Abstract 
Background: In many parts of the world, roadsides are regularly managed for traffic-safety reasons. Hence, there are 
similarities between roadsides and certain other managed habitats, such as wooded pastures and mown or grazed 
grasslands. In contrast to roadsides, the latter habitats have declined rapidly in Europe during the last century, and 
today only a fraction of their former extent remains. For many species historically associated with these habitats, 
roadsides may therefore function as new primary habitats or as dispersal corridors in fragmented landscapes. Current 
recommendations for roadside management to promote conservation values are largely based on studies of plants 
in semi-natural grasslands, although such areas often differ from roadsides in terms of environmental factors and 
impacts. Moreover, roadsides provide habitats not only for plants but also for many insects, especially if they are sandy 
and exposed to the sun. For these reasons, stakeholders in Sweden have emphasised the need for more targeted 
management recommendations, based on actual studies of roadside biodiversity.
Methods: The proposed systematic map is intended to provide an overview of the available evidence on how bio-
diversity is affected by various forms of roadside management, and how such management influences the dispersal 
of species along roads or roadsides. Relevant interventions include e.g. mowing, shrub removal, control of invasive/
nuisance species, sowing or planting, burning, grazing by livestock, scraping and ditching. Non-intervention or alter-
native forms of roadside management will be used as comparators. Relevant outcomes include measures of species 
or genetic diversity, the abundance of individual species or groups of organisms, species distribution patterns, and 
movement rates of individuals or propagules. Searches will be made for peer-reviewed and grey literature in English 
and several other languages. No geographical restrictions will be applied, and all species and species groups will be 
considered.
Keywords: Road ecology, Roadside management, Biodiversity, Species dispersal, Semi-natural grasslands, Linear 
landscape elements, Refugia
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Background
Roadsides as habitats and dispersal corridors
The creation of road networks has been a critical com-
ponent of the development of our civilisation. During 
millennia, these networks have evolved from foot trails 
to complex highway systems. The modern transportation 
infrastructure has major impacts on the surrounding 
landscape, which traditionally have been studied mainly 
within the field of geography (cf. [1]).
In the 1970s, coincident with the development of land-
scape ecology, conservation biologists became interested 
in how roads fragment the landscape and interact with 
landscape processes [2]. Establishing a new road segment 
or road network in a landscape has been described as 
being equivalent to adding a new ecosystem to the exist-
ing one [1]. However, the concept of ‘road ecology’, a spe-
cific sub-discipline of ecology, was not coined until 1998 
by landscape ecologist Richard T.T. Forman [3].
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Although a relatively new area of research, road ecol-
ogy has been the subject of a fairly large number of 
studies. The growing scientific interest in road ecology 
is also reflected in international conferences arranged 
by ICOET in North America (www.icoet.net), IENE in 
Europe (www.iene.info), ANET in Asia/Australia (www.
ecoltrans.net) and the global ICCB (www.iccb-eccb2015.
org).
The vast majority of studies on ecological effects of 
roads have focused on direct negative impacts on abiotic 
aspects like hydrology, sediment and debris transport, 
water and air chemistry, microclimate and levels of noise, 
wind and light adjacent to roads [4]. Negative biotic 
effects such as wildlife collisions, population fragmenta-
tion, road avoidance behaviour and dispersal of invasive 
species have also been acknowledged [3].
During the last decades, roadsides have been high-
lighted as important dispersal corridors in many sub-
disciplines of biology. Plants and animals that use roads 
as dispersal corridors are often generalist species [4], and 
invasive species, predominantly generalists, may hence 
be dispersed more easily along roadsides than native 
ones. In fragmented landscapes, however, roadsides can 
also favour native species, e.g. spiders [5], insects [6, 7], 
and plants [8].
Plant dispersal in rural areas is usually mediated by 
seeds, but grazing animals have become less important 
as dispersal vectors, partly being replaced in that role by 
motor vehicles and agricultural machinery [9, 10]. No 
plant species have evolved specifically to be dispersed 
via motor vehicles, but Zwaenepoel et al. [11] found that 
species dispersed in this way had significantly more per-
sistent seed banks than other species, indicating that 
vehicles can aid the dispersal through space of seeds that 
traditionally were dispersed through time.
Recently, roadsides have been discussed as specific 
habitats in their own right rather than merely as small 
dispersal refugias or stepping-stone habitats [12–14]. For 
instance, in the Netherlands and Australia, where large 
parts of the rural landscape have been transformed to 
intensively used farmland, roadsides are important habi-
tats for native vegetation [15, 16].
Roadsides provide habitats not only for plants, but also 
for insects and small mammals [17]. Mammals often 
use roadsides when they move around in the landscape 
[18, 19]. Flower-rich road verges attract bumblebees and 
other wild bee species, hoverflies, butterflies and many 
other insects that depend on nectar and/or pollen [7]. 
Moreover, roadsides can serve as reproductive habitats 
for many insects, especially if they are sandy and exposed 
to the sun. Such areas may also attract animals that for-
merly resided mainly on seashores, sandy banks, sand 
dunes, fallows, dry meadows, alvar habitats etc. Sandy 
and warm environments are important not least for 
snakes and lizards, some of which are now found almost 
exclusively along roads and in other places where sand 
has been exposed due to human disturbance [20].
For several red-listed species, roadsides are the most 
important habitats, or among the most important ones 
[20]. For example, one of the most threatened butterflies 
in Sweden, the Reverdin’s blue (Plebejus argyrognomon) 
occurs only along sunny roadsides where its larval plant 
grows (wild liquorice, Astragalus glycyphyllos).
Roadside management
The occurrence of animals and plants along roads is 
highly dependent on how the roadsides are managed 
[4]. In many parts of the world, roadsides are regularly 
mowed for traffic-safety reasons, and their vegetation 
will then remain at the same successional stage year after 
year. Hence, there are similarities in management and 
abiotic conditions between roadsides and habitats such 
as wooded pastures and mown or grazed semi-natural 
grasslands [21]. In contrast to roadsides, the latter habi-
tats have declined rapidly in Europe during the last cen-
tury [22], and today only a fraction of their former extent 
remains.
Differences in mowing regimes may affect both ani-
mal and plant populations. Mowing of roadsides late 
in the season is considered to be important for favour-
ing flowering and seed production. It also favours dis-
turbance-tolerant species, while species representing 
early-successional stages will eventually disappear. On 
the other hand, early mowing can lead to re-flowering in 
the later parts of the season [23], which otherwise may 
be characterised by a lack of nectar and pollen resources 
[24]. Cut vegetation, or litter, should ideally be removed 
from nutrient-rich roadsides to promote plant species 
that are adapted to low nutrient levels [25].
In some cases, roadside management includes more 
powerful ways of removing vegetation and reversing 
late-successional vegetation stages, such as burning, har-
rowing or scraping. In contrast, roadsides on dry and 
nutrient-poor soils may require very little management.
In Sweden, roadside management is currently being 
discussed as an important part of overall landscape man-
agement for biodiversity. The Swedish Board of Agri-
culture recently estimated that 190,000 ha of managed 
grasslands occur along infrastructure in Sweden, 164,000 
ha of which constitute roadsides [26]. This is close to the 
total amount of semi-natural grasslands in Sweden (ca. 
250,000 ha). Many species that historically mainly were 
associated with meadows and pastures now thrive along 
roads. For example, almost 300 animal and plant species 
included in the Swedish Red List of threatened species 
are found in roadside habitats [27].
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More recently, there has been a growing interest in 
other roadside functions, especially biomass production 
(e.g. [28]). Feedstocks for bioenergy production are heav-
ily searched for, and roadsides could provide a consider-
able extra source given their large extent. Furthermore, 
biomass production on roadsides could reduce manage-
ment costs. Such multifunctional roadside use, with a 
potential to create win-wins for biodiversity conservation 
and bioeconomy, could be considered when designing 
future roadside management plans.
Current recommendations for roadside management to 
promote conservation values are largely based on botani-
cal research studies of open semi-natural grasslands such 
as meadows and pastures [29]. However, the use of road 
salt for de-icing, ditching and reinforcement activities, 
sowing of exotic plant material and other measures spe-
cific to infrastructure maintenance are likely to impact 
species and communities differently than traditional 
management of open grasslands. Moreover, much of the 
existing evidence on ecological effects of roadside man-
agement is comprised of grey literature not assessed by 
external reviewers. For these reasons, key stakeholders 
in Sweden have emphasised the need for more targeted 
management recommendations, based on actual studies 
of roadsides.
Topic identification, scientific basis and stakeholder input
The topic of the proposed systematic map was suggested 
by the Swedish Board of Agriculture at a meeting with 
stakeholders arranged by the Mistra Council for Evi-
dence-Based Environmental Management (EviEM) in 
2013.
A pilot review of the present state of knowledge on bio-
diversity aspects of roadside management was then con-
ducted by the EviEM Secretariat. The review was largely 
based on contacts with specialists and other stakehold-
ers, including representatives of the Swedish Transport 
Administration, the Swedish Environmental Protection 
Agency, the Swedish Board of Agriculture, the Swed-
ish Species Information Centre, the Swedish University 
of Agricultural Sciences, Lund and Uppsala universities, 
the Swedish Butterfly Monitoring Scheme, the Triekol 
research programme, the Lill-NILS grassland monitoring 
programme and the environmental consultancy firm Cal-
luna. The pilot review also included a brief scoping study 
of relevant scientific literature.
The Triekol programme recently published a narrative 
review of about 400 scientific articles with possible rel-
evance to the effects of roadside management on vascu-
lar plants, but nearly all of these articles were based on 
studies of meadows and other semi-natural grasslands 
rather than actual roadsides [30]. It was concluded that 
systematic investigations of the management of roadside 
vegetation are almost completely absent (see also [29]).
A few recent reviews have focused on linear elements 
in the landscape, including roadsides. An Australian sys-
tematic review by Doerr et al. [31] studied to what extent 
plants and animals use linear structures as corridors for 
dispersal, but only four Australian studies of roadsides 
were included. The review produced a number of man-
agement recommendations relevant to Australia, but it 
also identified significant knowledge gaps, and it is cur-
rently being updated [32]. Ansong and Pickering [10] sys-
tematically reviewed the literature on seed dispersal by 
cars, and several other review articles on this topic have 
recently been published (e.g. [9, 33]). Suárez-Esteban 
et al. [34] have reviewed studies that compare vegetation 
along road verges and other linear gaps in the landscape 
with that of adjacent habitats.
Much of the useful evidence on the topic of our review 
is likely to be published in grey literature. For instance, 
there is probably a large volume of grey literature on 
insects and roadside management in e.g. Switzerland, the 
Netherlands, Germany, and the United Kingdom (Lars 
Pettersson, pers. comm.). There was consensus among 
contacted stakeholders that roadside habitats in Swe-
den have great conservation value for native animals and 
plants. Government agencies and researchers agreed that 
there is a need for a systematic review of the effects of dif-
ferent management techniques. In particular, they under-
lined the importance of analysing the impacts of roadside 
management on (i) insects, (ii) dispersal or movement 
rates of species along roadsides, (iii) alien versus native 
animal and plant species.
It was pointed out that several questions relating to 
roadside management remain unanswered. Do animals 
benefit from management regimes targeted towards pro-
moting floristic values? Are roadsides ‘ecological traps’ 
that attract large number of insects but cause low repro-
ductive rates and high mortality? Should management 
activities be differentiated depending on road size, land-
scape context (forested or agricultural landscapes), land-
use history etc.? Finally, many stakeholders emphasised 
that effects of roadside management on the establish-
ment and dispersal of alien species need to be evaluated.
Prior to completion of the draft review protocol, EviEM 
arranged a meeting with Swedish stakeholders with a 
specific interest in road management. The meeting was 
attended by representatives of government agencies, 
municipalities, universities, research institutes, and envi-
ronmental organisations and consultants.
Among other things, the stakeholders discussed the 
physical and geographical scope of the proposed review. 
In this context, it was suggested that a roadside be defined 
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as the unpaved zone adjacent to a road that is exposed to 
roadside management. On small, unpaved roads, stud-
ies of the road itself could also be included in the review. 
Moreover, it is vital to consider the interaction between 
the roadside and the surrounding landscape. The stake-
holders also pointed out that the feasibility of transferring 
foreign experience of roadside management to Swedish 
conditions is dependent on e.g. soil types, management 
methods and biodiversity aspects. For instance, studies 
of ruderal roadside habitats are easier to generalise than 
studies of mown grassland. Nevertheless, the stakeholders 
found it reasonable that the review include relevant stud-
ies from any part of the world’s temperate, boreal and sub-
alpine zones, and also areas in the subtropical or tropical 
zones that have a cool climate due to high altitude.
Objectives
The proposed systematic map is intended to provide an 
overview of the available evidence on how biodiversity is 
affected by various forms of roadside management, and 
how such management influences the dispersal of species 
along roads or roadsides.
Other infrastructural habitats such as railways, power-
line corridors, buffer strips etc. will not be included in the 
map, since their qualities and management differ radically 
from those of roadsides. Nor will studies of semi-natural 
meadows or pastures be include—these habitats have been 
extensively covered by other reviews, and they are not sub-
ject to the same set of environmental impacts as roadsides.
Guided by the findings of the systematic map, we also 
intend to identify subtopics that may be suitable for full 
systematic review.
Primary question
How are biodiversity and dispersal of species affected by 
the management of roadsides?
Components of the primary question
Population  Roadside habitats and the species 
found within them.
Intervention  Roadside management, e.g. mowing, 
removal of shrubs and saplings, prun-
ing, coppicing, control of invasive/nui-
sance species, herbicide use, sowing or 
planting, burning, grazing by livestock, 
harrowing, scraping, macadamisation, 
ditching and maintenance of ditches.
Comparator  Non-intervention or alternative forms 
of roadside management.
Outcomes  (i)  Measures of local or regional diver-
sity of animals, plants or fungi, e.g. 
alpha/beta/gamma species diver-
sity, genetic diversity, abundance of 
individual species (including rare/
protected species), or abundance 
of functional/taxonomic groups of 
organisms.
  (ii)  Measures of species dispersal along 
roads or roadsides, e.g. species dis-
tribution patterns or movement 
rates of individuals or propagules.
Methods
Search terms
The review team has conducted a scoping exercise to 
assess alternative search strings, testing them against a 
set of some 20 articles known to be relevant. The exercise 
resulted in the selection of the following search terms:
Population  roadside*, “road side*”, (road* AND 
(verge* OR edge*)), roundabout*, “traf-
fic island*”, “median strip*”, “central 
reservation*”, boulevard*, parkway*, 
(avenue* AND tree*)
Outcomes  *diversity, dispers*, species, abun-
dance, vegetation
The terms within the ‘population’ and ‘outcomes’ cat-
egories will be combined using the Boolean operator 
‘OR’. The two categories will then be combined using the 
Boolean operator ‘AND’. An asterisk (*) is a ‘wildcard’ 
that represents any group of characters, including no 
character.
No time, language or document type restrictions will 
be applied.
At some of the websites mentioned below, searches will 
also be made for Danish, Dutch, French, German, Nor-
wegian, Spanish or Swedish counterparts to the above 
terms. Both English and non-English search terms may 
have to be customised to individual websites, since many 
of these do not accept long and complex search strings. 
Final search strings used for each search will be recorded 
in an appendix to the review, together with search dates.
Publication databases
The search aims to include the following online 
databases:
 1. Academic Search Premier.
 2. Agricola.
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 3. Biological Abstracts.
 4. GeoBase + GeoRef.
 5. Helda (University of Helsinki).
 6. IngentaConnect.
 7. JSTOR.
 8. Libris.
 9. Scopus.
 10. SwePub.
 11. Transport Research International Documentation 
(TRID).
 12. Web of Science.
 13. Wiley Online Library.
Search engines
Internet searches will be performed using the following 
search engines:
Google (www.google.com).
Google Scholar (scholar.google.com).
In each case, the first 200 hits (based on relevance) will 
be examined for appropriate data.
Specialist websites
Websites of the specialist organisations listed below will 
be searched for links or references to relevant publica-
tions and data, including grey literature.
Australasian Network for Ecology and Transportation 
(www.ecoltrans.net).
Collaboration for Environmental Evidence  
(www.environmentalevidence.org).
Conservation Evidence (www.conservationevidence.com).
Environment Canada (www.ec.gc.ca).
European chapter of the Society for Ecological  
Restoration (SER) (chapter.ser.org/europe/).
European Commission Joint Research Centre  
(ec.europa.eu/jrc/).
European Environment Agency (www.eea.europa.eu).
Highways England (www.gov.uk/government/ 
organisations/highways-england).
Infra Eco Network Europe (www.iene.info).
International Conferences on Ecology and Transportation 
(www.icoet.net).
International Union for Conservation of Nature  
(www.iucn.org).
Natural England (publications.naturalengland.org.uk).
Natural Resources Canada (www.nrcan.gc.ca).
Nordic Council of Ministers (www.norden.org).
Norwegian Environment Agency  
(www.miljodirektoratet.no).
Norwegian Institute for Nature Research  
(www.nina.no).
Swedish County Administrative Boards  
(www.lansstyrelsen.se).
Swedish Environmental Protection Agency  
(www.naturvardsverket.se).
Swedish Transport Administration (www.trafikverket.se).
Swedish University of Agricultural Sciences  
(www.slu.se).
UK Centre for Ecology and Hydrology  
(www.ceh.ac.uk).
UK Environment Agency  
(www.environment-agency.gov.uk).
United Nations Environment Programme (www.unep.org).
US Department of Transportation  
(www.transportation.gov).
United States Environmental Protection Agency 
(www.epa.gov).
Other literature searches
As a check of the comprehensiveness of our searches, 
relevant articles and reports will also be searched for 
in bibliographies of literature reviews. Moreover, each 
member of the review team will use national and inter-
national contacts to get information on current research 
related to the topic of the review, and also to find non-
peer-reviewed literature, including reports published in 
e.g. Danish, Dutch, French, German, Norwegian, Span-
ish and Swedish. In addition, unpublished data may be 
available from consultants or local authorities involved in 
roadside management. Stakeholders will be asked to sug-
gest suitable contacts.
Screening of articles
When screening a sample of 100 articles found in 
Web of Science with the search string above, we noted 
that only about a third of the articles could safely be 
excluded as irrelevant based on their titles alone. For 
that reason, articles found by searches in databases 
will first be evaluated for inclusion based on titles and 
abstracts combined. This assessment will be made by 
a single reviewer, who in cases of uncertainty will tend 
towards inclusion. A subset consisting of at least 100 of 
the articles will be assessed by at least two reviewers. A 
kappa statistic relating to the assessments will be cal-
culated. If this statistic indicates that the reviewers are 
inconsistent in their assessment (κ < 0.6), discrepancies 
will be discussed and the inclusion criteria will be clari-
fied or modified.
Next, each article found to be potentially relevant on 
the basis of title and abstract will be judged for inclusion 
by a reviewer studying the full text. Again, the reviewer 
will tend towards inclusion in cases of uncertainty. Final 
decisions on whether to include doubtful cases will be 
taken by the review team as a whole.
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Studies or datasets found by other means than data-
base searches will be entered at the second stage of this 
screening process.
A list of studies rejected on the basis of full-text assess-
ment will be provided in an appendix together with the 
reasons for exclusion.
Study inclusion criteria
Each study must pass each of the following criteria in 
order to be included.
  • Relevant subjects  Roadside habitats and the spe-
cies found within them. A roadside is defined as 
the unpaved zone a road that is exposed to roadside 
management. On small, unpaved roads, studies of the 
road itself may also be included.
While stakeholders suggested that the review include 
studies of roadside management in temperate, boreal 
and subalpine zones (and high-altitude areas in sub-
tropical and tropical zones), we found little reason 
to impose any geographical restriction at all, since 
many basic ecological mechanisms will be the same 
everywhere. Therefore, we will include relevant stud-
ies from anywhere in the world.
  • Relevant types of intervention Roadside management, 
including but not restricted to mowing, removal of 
shrubs and saplings, pruning, coppicing, control of 
invasive/nuisance species, herbicide use, sowing or 
planting, burning, grazing by livestock, harrowing, 
scraping, macadamisation, ditching and maintenance 
of ditches. Such measures will also be considered as 
relevant where they have been applied during con-
struction of new roadsides.
  • Relevant type of comparator Non-intervention or 
alternative forms of roadside management.
Comparisons can in principle be made both tempo-
rally and spatially. Studies with a ‘BA’ (Before/After) 
design compare data collected at the same site prior 
to and following an intervention. Other studies may 
be based on comparison of different parts of a road-
side, some that have been subject to a certain kind of 
management and some that have not. These may be 
termed as ‘CI’ (Comparator/Intervention) studies, 
or ‘BACI’ (Before/After/Comparator/Intervention) 
if they present data collected both before and after 
the intervention.
  • Relevant types of outcome:
(i) Measures of local or regional biodiversity, e.g. 
alpha/beta/gamma species diversity, genetic 
diversity, abundance of individual species 
(including rare/protected species) or abundance 
of functional/taxonomic groups of organisms.
(ii) Measures of species dispersal along roads or 
roadsides, e.g. species distribution patterns or 
movement rates of individuals or propagules.
All species of animals, plants and fungi will be 
included.
  • Relevant type of study Primary field studies.
  • Language Full text written in English, Danish, Dutch, 
French, German, Norwegian, Spanish or Swedish.
Systematic map output
The final report will describe the review process and the 
evidence base, identifying possible knowledge gaps (i.e. 
subtopics requiring further primary research) and knowl-
edge gluts (i.e. subtopics with enough evidence and interest 
to warrant a systematic review). The report will be accom-
panied by a database with the following kinds of metadata 
on each study that is included in the systematic map:
Full citation.
Language of article.
Country where the study was conducted.
Road type.
Adjacent land use.
Type of intervention.
Type of outcome.
Species or species group(s) studied.
Using the findings of the systematic map, we also 
intend to identify subtopics that may be suitable for full 
systematic review.
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